The subject matter of the article is the processes of system design of the network of special control means (NSCM). The aim is to develop an iterative scheme for the logical design of a network of special controls that will be based on the ideas of the aggregative-decomposition approach, system analysis and system design of complex systems. The objectives are: analysis of the features of the network of special control means as an object of design or reengineering; decomposition of the problem of optimization of NSCM to a multitude of tasks related to different hierarchical levels of decomposition, with their interrelationships on the initial data and the results of the solution; formulation of the requirements that the methods and procedures for solving the problems of optimization of the NSCM should satisfy; the development of an iterative logic scheme and the system design method for the NSCM. The methods used are: system analysis of design processes, causeeffect analysis, method of system design of complex systems. The following results are obtained. The analysis of the peculiarities of the network of special control means as an object of design or reengineering is carried out. Taking into account the characteristics of NSCM, decomposition of the problem of its optimization into a set of interrelated tasks related to different hierarchical levels of decomposition is performed. The scheme of the interrelationships of the selected tasks with the input data and the results of their solution is established. The requirements that must be met by methods and procedures for solving the problems of optimization of NSCM are defined. This allowed the development of an iterative logic scheme and on its basis the method of system design of NSCM. Conclusions. On the basis of the analysis of the interrelationships between the optimization problems of NSCM on the input data and the results of their solution, an iterative logic scheme and an interactive method of its system design are developed. It is expedient to use the obtained results for complex determination of the structure, topology, parameters and technology of functioning of NSCM. This will reduce the time to solve problems of designing, planning the development or reengineering of networks of funds, reduce the cost of their creation and operation, through joint solutions to improve the quality of solutions and, on this basis, improve their functional characteristics. K e ywor d s : large-scale object; special control system; structure, topology; design: optimization; logical scheme of system design.
Introduction
Checking large-scale objects that are designed, created and exploited in our time, characterized by growing complication systems. The increase of scales of the controlled territory or space increases requirements to the operation ability, exactness reliability and vitality of the checking systems, results in the increase of amount and complication of their elements, complication of technologies of their functioning [1] [2] [3] .
Among the tasks of reengineering planning or planning of development of the checking systems the special place is occupied by the tasks of optimization of their structures. The characteristic feature of the checking of large-scale object systems is that an optimal structure, parameters of their elements, communication means between them and technology of functioning in a great deal are determined by the territorial placing of objects and controls [4] [5] [6] [7] .
The typical example of the similar systems that is intend for monitoring objects that are disperse on considerable territory is a network of facilities of the Main center of the special control of Ukraine. The basic tasks of this Center are: observance of requirements of international agreements in relations to limitation and prohibition of nuclear tests; the seismic state geophysical phenomena; the radiation state in the points of the distribution of subdivisions of the Center.
Structurally the network of facilities of Center of the special control consists of great number of multilevel centers of control (main center, regional centers, autonomous and movable points), that is disperse on considerable territory. Expansion of great number of control objects, change of requirements of its quality, the improvement of facilities of collection, transmission and treatment of information results in the necessity of optimization of existent network.
Formulation and analysis of the modern state of the problem
To optimize the network of special control tools (NSCT), as in the design or reengineering of other geographically distributed systems (GDS), it is necessary to solve a plurality of combinatorial tasks of structural, topological, parametric and technological optimization. Taking into account that the power of the sets of admissible functioning technologies, the parameters of the elements and connections of such systems is insignificant, the main difficulties are the tasks of optimizing their topological structures [8] .
For their solution, exact (combinatorial) and close (heuristic) methods are used. The exact methods allow to find optimum solutions, but, given the NPcomplexity of the problem, such methods can be applied only to optimize the simplest systems with a small number of elements that are part of their composition.
In this case, the tasks of placing nodes or elements of the control system are solved according to different criteria, using various target functions, in conditions of different dimensions and degree of certainty of input data, time and resource constraints. This requires the development of a set of problem-solving methods that differ in accuracy and complexity, will have less temporal complexity than combinatorial methods and greater accuracy than existing approximate methods [9] . Modern technologies for designing geographically distributed objects, including NSCT, are based on the ideas of aggregation-decomposition approach, system analysis and system design of complex systems. When implementing a system approach in the design tasks of such GDS one of the main problems is the formal presentation of the process of solving the set of interrelated design problems. Such formalization is presented in more convenient way as a logical scheme for constructing a global design solution [10] .
Under this approach, construction of such formalization must precede the correct decomposition of the problem [11] . In the initial stages of the design, the problem is presented as a meta-task MetaTask, consisting of a set of tasks relating to different hierarchical levels of decomposition, with their interconnections by the initial data and the results of the solution [12] :
where  Task l -the set of tasks of synthesis, that belong to the level of  ;  n -amount of levels of description of the system; i -number of task;  i -amount of tasks that should be solved at level  . Thus each of tasks is given as some transformer of data:
where ,
In Out -entrance data of i-task and initial data of  -level.
Each of the distinguished tasks of top levels
can be presented as a set of interconnected subtasks   , 1, ,
Task . The systematic analysis of the problem of the synthesis of GDS and an overview of its current state allows us to conclude that it is expedient to use the three levels of detailed description at the meta-, macro-and micro-levels in the design and technical and economic aspects [12] .
MetaTask is considered on a meta-level problem in general. Most macro level tasks are essentially the tasks of system design and differ in the constraints that reflect the specifics of the main stages of the life cycle of the GDS:
where 1 1 Taskthe formation of requirements for geographically distributed systems and the development of a technical design task; 1 2 Task -system design; 1 3 Task -development planning; 1 4 Task -adaptation of GDS; 1 5 Task -reengineering of GDS. The complex of objectives of the meta-level (3) covers the whole range of issues of structural synthesis of geographically distributed systems that arise at the stages of pre-design studies, design, creation and operation, which are solved in their design and management systems.
The main tasks of the micro level are related to the solution of the issues of system design of the geographically distributed systems [12] 
where 2 1 Task -choice of principles of geographically distributed systems construction ; 2 2 Task -choice of system structure; 2 3 Task -definition of the topology of elements and connections; 2 4 Task -choice of operation technology; 2 5 Task -determination of parameters of elements and connections; 2 6 Task -evaluation of the effectiveness of options and choice of solutions.
For the practical implementation of the system design of the network of special control tools, other geographically distributed systems, it is necessary to develop appropriate mathematical support that takes into account the specifics of the object and the corresponding design technology.
The purpose of the article is to develop an iterative scheme for the logical design of a network of special control tools, based on the ideas of the aggregationdecomposition approach, system analysis and system design of complex systems.
Main results
In the process of developing a decision-making method for the basic task of system designing the GDS, it is necessary to analyze its solvability at three levels: inputs, resources and process [10] . From solving the problem at each level will follow its solvability as a whole.
It should take into account the specific features of the task of system design of geographically distributed systems [7] : the close relationship of problems structural, topological, parametric, technological synthesis, which requires their joint solution;
the combinatorial nature of most of the tasks (subtasks) that are part of it;
the need for solving problems of great dimension; the presence in the formulation of problems the factors that are difficult for formalization;
high dynamism or uncertainty of the input data; a wide range of conditions for solving problems.
Analysis of the above features of the tasks of system designing TRS allows us to formulate the requirements that must satisfy the effective methods and procedures for solving design (optimization) of the NSCT [13] .
1. Close relationship of tasks and incomplete information certainty of tasks of choosing the principles of network construction, structural, topological, parametric and technological synthesis, as well as analysis and selection of design solutions Task , and a wide range of conditions for their solution is required when they solve the use of a plurality of methods 2 ik MetDec , 1, 6  i , which have different complexity and accuracy.
This will enable the solution of the tasks of system design by resources.
3. To make full use of the experience of designers and to take into account factors that are difficult to formalize, it is advisable to build the solution process based on interactive (human-machine) procedures. The process of finding a design solution will consist of complementary procedures for automatic and intelligent synthesis with the participation of the operator.
4. At all stages of designing it is advisable to use techniques that reduce the complexity of solving system design problems 2 i Task , 1, 6  i . For this purpose, heuristics that take into account the specifics of tasks, solutions obtained through "fast" procedures, formal or expert assessments can be used.
Taking into account the mentioned features of the tasks of designing (optimization) of the NSCT and the listed requirements for the procedures for their solution, the determined sequence of problem solving of the design of complex geographically distributed systems ( fig. 1 ), as well as the axiom of system design, the method of forming solutions to problems of system design based on the basis of the iterative logic scheme [8] is proposed. 2 1 Task -the task of choosing the principles of building a GDS 2 2
Task -the task of selecting a structure 2 3
Task -the task of determining the topology of elements and relationships 2 4
Task -the task of selecting a functioning; technology 2 5
Task -the task of determining the parameters of elements and connections 2 6
Task -the task of assessing the effectiveness of options and choice of solutions of the sequential scheme will be used. The essence of the proposed method for systematic design (optimization) of network of special control tools on the basis of an iterative-sequential logic design scheme may be presented in the following form [13] . 11. The end of the decision: the best variant for the network construction s o as well as its evaluation K(s o ) by a set of partial criteria K are determined.
Beginning of the decision: entering input data
Initial data InDat 1 2 and restriction Res 1 2 of the task:
ObjS -a set of characteristics of objects subject to control;
K -a set of partial criteria used to evaluate the network's performance;
Q*, C* -boundary levels of the indicators of the effect (functional characteristics) and costs;
S'={s} -a subset of options that determine the area of the existence of the network;
 -possible principles for building a network. The search strategy of the solution, which is formed at the step 1, defines the conditions of the iterative implementation of the steps 3-8, as well as the choice of design procedures ProcDec 2 i to get solutions of the task 2 i Task , 1, 6  i [8] .
The choice of the strategy is based on the solution of the problem, which forms the domain of admissible variants of network construction S*={s}, proceeding from the chosen principles of its construction   .
Specific provisions of the strategy are determined by the necessary precision of the solutions DesDec 2 i , 1, 6  i , as well as computing resources that can be used to solve the problem.
Steps 3-6 provide for the implementation of design (in particular, the number of cycles of the multistar procedure for searching for the global extremum of the target function).
Step 10 provides for the formation of decisions s S* by the human operator which is responsible for the system designing, as weel as an automated evaluation of their properties by a set of criteria K(s), comparing them with the best of the previously obtained and choosing the best among them s o .
Depending on the available means of automation of designing and the chosen strategy for the design decisions, various forms of participation of the operator in forming decisions (step 2-10) are possible: operatorprogrammer, operator-researcher, operator-coordinator [10] .
Possibility of solving the tasks of system design (NSCT)=-as a whole follows from the possibility of solving constituent tasks 2 i Task , 1, 6  i and the convergence of the entire iterative procedure. In this case, design decisions DesDec 2
tasks, on the subsequent iterations of the proposed scheme will become more precise, because they will be formed based on the decisions obtained in the previous iterations. As a result, the accuracy of the solution DesDec 1 2 task will be increased.
Conclusions
The analysis of the peculiarities of the problem of system design of the network of the main center of special control, as a kind of territorially distributed objects, made it possible to establish the specific features of the arisen problems.
The close relationships between the tasks of structural, topological, parametric, technological synthesis requires their joint solution. The combinatorial nature of problem problems and their high dimension require the development of effective methods for their solution.
The presence of problem-oriented factors that are difficult to formalize and incomplete certainty of input data makes using of interactive technologies is more effective for the design.
The established features have determined the iterative interactive nature of the proposed logic design scheme and of the proposed method for the design of design solutions.
The practical application of the results obtained will reduce the time for solving the design, planning, or reengineering tasks of the Network of the Main Center for Special Control, reducing the costs of their creation and operation, by jointly solving tasks to improve the quality of solutions and, on this basis, improve the functional characteristics of the network. Further details of the described logic design scheme and the proposed method for the design of design solutions involves the choice or development of new mathematical models and methods for solving all partial problems:
the choice of principles of network construction; choice of network structure; definition of the topology of elements and connections; choice of operation technology; determination of parameters of elements and connections;
assessing the effectiveness of options and choosing solutions.
